In this study we used major element composition, neodymium isotopes ratios (εNdεNd) and concentration of REE to track and quantify the sediment routing in the Var sedimentary system from source (Southern French Alps) to sink (Ligurian Sea) over the last 50 ka. Our data reveal that changes in sediment sources over that period, associated with concomitant changes in the hyperpycnal (i.e. flood-generated turbidity currents) activity in the Var submarine canyon, were mainly driven by paleoenvironmental conditions in the upper basin and in particular by the presence of glaciers during the last glacial period. Based on this evidence, we determined when and how glacier-derived sediments were produced, then excavated and transferred to the ocean, allowing us to ultimately tune offshore sedimentary records to onshore denudation rates. In contrast to large glaciated systems, we found that sediment export from the Var River to the Mediterranean Sea directly responded to climate-induced perturbations within the basin. Finally, we estimated that sediment fluxes in the Var routing system were 2.5 times higher during the Last Glacial Maximum than today, thus confirming that glacier denudation rates exceed fluvial rates and that such a pattern also governs the interglacial-glacial sediment flux cycle in other small mountainous basins Highlights ► We used εNdεNd to track the sediment routing in the Var system over the last 50 kyr. ► Glaciers are the main driver of the glacial/interglacial cycle of sediment flux. ► The estimated sediment fluxes are 2.5 times higher during the LGM than today. ► A major change in turbidite activity and sources is observed between 19 and 16 ka. ► The glacial sediment transfer to the sea depends on the catchment's characteristics.
Introduction 32
Weathering processes and their evolution through time are intensely debated, 33 especially in active mountain belts where tectonic and climate forcings are well expressed at 34 the geological timescale (Molnar, 
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REE concentrations normalized to Post-Archean average Australian Shale (PAAS; 237 Taylor and McLennan, 1985) are reported in Fig. 3 .c. The mid-REE-depleted pattern of 238 sediments from the lower Var valley slightly differs from the typical REE signatures of world 239 river clays . REE pattern analysis at a sub-basin scale reveals that this 240 particular mid-REE depletion is likely carried by Permian pelites -an important source of 241 clay-size sediments -outcropping in the upper Var valley (Fig. 3.c.) . High REE 242 concentrations found in sediments from the Vésubie and Upper Tinée sub-catchments that 243 erode the External Crystalline Massifs are probably related to the presence of REE-rich 244 accessory minerals, as highlighted by the enrichment in HREE. 245
In comparison to modern sediments collected in the downstream part of the Var River, 246 marine sediments are depleted in REE (Fig. 3.c) . This can reflect a loss of accessory minerals 247 during sediment transport or a change in the phase bearing the REE. Marchandise et al. (2014) 248 estimated that 20% of the REE in the Var sediments are transported in insoluble accessory 249 minerals, the remainder being distributed in other phases (clay, organic matter or Fe/Mn 250 oxyhydroxide). Mineral density-related sorting caused by hydrodynamic processes can occur 251 in river channels (Bouchez et al. 2011) or during submarine transport (e.g. Carpentier et al. 252 2014) . In this context, turbulent flows that transport sediments onto the VSR could also play a 253 role in depletion of REE-rich minerals in turbidites. 254
255
The depletion in mid-REE (e.g. Gd/Nd ratios increase) is slightly better expressed in 256 interglacial sediments than in glacial sediment, which is consistent with the changes observed 257 in Nd isotope ratios (εNd) and major elements composition. 258 259
Significance of εNd measured in marine sediments 260

5.1.
Gauging the grain size effect on εNd 261
Recent studies have shown that different grain size fractions, due to hydrodynamic sorting 262 of minerals, could derive from distinct sediment sources (Bouchez et al. 2011 , Carpentier et 263 al. 2014 ) associated with different transfer times (Clift and Giosan, 2014) . In addition, grain-264 size dependent Nd isotopic signatures in river sediments can also reflect differences in 265 lithological sensitivity to weathering/erosion processes . Taken together, 266 these effects could induce a bias for source tracking, if grain size distribution differs from one 267 sample to another. 268
In order to gauge this effect in the Var watershed, selected riverine and marine samples 269 (dated from 20 to 0 ka) have been divided into two grain-size fractions (0-45μm and 45-270 63μm) and analyzed for Nd isotopes and REE concentrations (Table 2) . In all samples, except 271 for Vésubie sediments in which high Nd concentrations are found in both fractions, the 272 concentration of Nd is higher in the 0-45 μm fraction. This suggests, in agreement with the 273 recent results of Marchandise et al. (2014) , that the Nd-bearing minerals in the Var sediments 274 are preferentially incorporated in the fine fraction. 275
The εNd values measured in the two fractions are similar (< 0.2ε) except for some river 276 sediments where more than one lithological unit is drained upstream of the sampling site 277 (Table 2) Complex/ Vésubie River ( Table 2 ). The downcore variability of εNd is the same in both grain 282 size fractions (45-63 μm and 0-45 μm), with a more radiogenic εNd signature during glacial 283 time (20-18 ka) and at around 10 ka. Importantly, this shows that changes in sediment sources 284 affected each grain size fraction of the sediment. Additionally, grain size distribution of each 285 turbidite sample (0-63 μm fraction) was systematically measured and compared with εNd 286 values. No relationship is found between these two factors, showing that εNd values measured 287 in <63 μm marine samples are not significantly influenced by grain size distribution but seem 288 to reflect the terrestrial source of sediments. 289
Quantification of the terrestrial sources contribution in VSR sediments 290
When combining measured values for Nd isotopes (εNd) and concentrations in river 291 samples, a distinctive signature can be assigned to sediments derived from the erosion of the 292 three main lithological units found in the Var drainage area ( Fig. 3 .a; Table 3 ). In the 293 following discussion, we postulate that variations in the measured εNd values of VSR 294 sediments reflect changes in the mixing of the three end-member terrestrial sources in the 295 sediment budget delivered by the Var River. 296
First, based on the fingerprint characteristics of these three end-members, two binary 297 isotopic mixing curves between each Metamorphic Complexes and the sedimentary 298 formations were constructed and plotted in a εNd vs Nd concentration diagram (Fig. 3.a) . For 299 a given mixing (m) between two end-members a and b Nd isotope ratio and Nd concentration 300 are:  301   302   303 where F is the proportion of a in the mixing :
. 304
The samples collected in the Tinée and Vésubie sub-basins fit along the sedimentary cover -TMC and 305 -OMC mixing curves, respectively. In contrast, samples from the Var lower valley, derived fromthe mixing between the three end-members, are positioned between the two curves ( Fig. 3.a) . LGM period) characteristics and can also be considered to be subject to similar erosion in 312 terms of magnitude and processes (Syvitski and Milliman, 2007) . As a result, in a proportion 313 relative to their outcrop areas (Table 3) Fig.3.b) . The composition of 327 sediment derived from the rest of drainage area (mixing curve c in Fig.3 .b) has a low impact 328 on the εNd value of the mixing. In the mixing model, we assigned a fixed Nd concentration of 329 30 ppm to the two Metamorphic Complexes end-members, assumed to represent a more 330 reliable estimate for the fraction of sediment exported to the studied site (hence taking intoaccount the presumed loss of REE-bearing accessory minerals during sediment transport and 332 hydrodynamic processes) (Fig. 3.b) . To test the validity of this assumption, two additional 333 mixing models were investigated: one using the actual concentration of end-members (results 334 are shown between brackets in Table 4 ) and a εNd-Gd/Nd mixing model, which both gave 335 results very similar to the concentration-adjusted Nd-εNd model presented thereafter. 336
Based on the above, measured εNd values could be converted into corresponding 337 percentage proportions of the OMC end-member in the sediment (Fig. 4.c) . We found that the 338 total variability of εNd (1.3 εNd units) reflects a change of 40% in the proportion of OMC-339 derived sediments in the mixing ( Fig. 3.b; Fig. 4 .c). By using a mean εNd value of sediments 340 during the Holocene (9-0 ka; -10.6) and the LGM (26-19 ka; -10.0), the proportion of OMC, 341 TMC and sedimentary formations in the carbonate-free fraction of sediment are estimated 342 respectively at 13 %, 17% and 70% for the Holocene and 29%, 39% and 32% for the LGM 343 ( Fig. 3 .b, Table 4 ). As these results were obtained on the carbonate-free fraction of the 344 sediment, inputs from External Crystalline Massifs have more weight in the mixing. To report 345
proportions of bulk sediment, the carbonate-free fraction was calculated using the difference 346 in weight of the samples before and after leach operations (Table 4 ). The proportion of OMC, 347 TMC and sedimentary formations in bulk sediments are respectively 7 %, 9% and 84% for the 348 Holocene and 17 %, 23% and 60% for the LGM (Table 4) . Massifs (OMC and TMC) was 2.5 times higher than during the Holocene (Table 4) 2014). Considering our regional reconstruction (i.e. probability distributions) for the LGM 383 maximum advance of glaciers (see Fig. 4 for details), we assume that both erosion and 384 sediment transfer in the Var sediment routing system were strongly forced by the ice-masses 385 during the last glacial and the LGM (i.e. until ca. 19 ka). This indicates that sediment transfer 386 was highly efficient (i.e. short) during the last glacial period. 387
Based on this evidence, and because only a few ages (e.g. present as early as 50 ka in significant extent (Fig. 4) . If εNd can be used as a glacier-size 428 proxy, the extent of MIS3 glaciers in the Var basin might have been larger than during 429
Lateglacial stages (16-11 ka; Gschnitz and Egesen stadials; Fig. 4 ). Fast but low-amplitudechanges in the εNd source record during MIS3 relative to MIS2 (Fig. 4) (Fig. 4) . Therefore, we propose that the main driving mechanism of 434 hyperpycnal activity variability is not restricted to the upper watershed, but likely impacts the 435 whole Var basin. This could be due to changes in the precipitation regime and the associated 436 
Similarities and differences in sediment flux reaction to the deglaciation in 481
Western Europe basins. , 2010, 2015) and rivers that drain the inner Alps (Hinderer, 2001 ). In these three areas, 613 although deglaciation starts at ca. 20 ka and lasts no longer after 16 ka, the pattern of sediment 614 excavation is different: for the small basin (Var) the peak of sediment yield is reached during 615 the Last Glacial Maximum and gradually decreases during deglaciation, while for large basins 616 (Channel River and inner Alps) the peak of sediment yield is reached during deglaciation 617 coeval with a meltwater pulse (ie. when the transport capacity reached a maximum). A 618 secondary pulse of sediment transport from formerly glaciated areas is observed in the Var 619 system during the Early Holocene and is interpreted as a phase of reworking of glaciated 620 sediments driven by the increase in rainfall as the interglacial climate set in. 621 Table Caption  623   Table 1 -12 -11.5 -11 -10.5 -10 -9.5 -9 -8.5 -8 -7.5 -7
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